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Dendrograms depicting evolutionary rela- 
nonships in the growing array of chemo- 
kines and their receptors are beginning to 
sem ble elegant Mandlebrot patterns 
those eerily beautiful, iterative and self- 
referential tracings that have been used to 

■ .'escribe the geometry of everything from 
auliflowers to continents. Thus, it seems 
fitting to invoke such a complex metaphor 
to describe the latest layer in the baroque 
ivstem controlling leukocyte trafficking, 
inflammation and infectious processes, 
fractalkine' therefore seems an appropri- 
ate name for a novel class of chemokine 

t that adds a new twist to models of cellular 
trafficking and immune regulation 1 . 

Prior to fractalkine, chemokines had 
been thought of as soluble cytokines bear- 
ing a variation of a conserved cysteine 
structural motif: 'CC, CXC or 'C, de- 

\\ pending on the number and spacing of the 

: \'-terminal cysteine residues 2 - 3 . Fractalkine 

f is doubly novel in sporting both a CX 3 C 

5 , motif and being encoded as a membrane- 

; bound molecule, with the chemokine do- 

■- main perched atop a long mucin-like stalk. 

; This 'chemokine-on-a-stick' strategy allows 
the chemokine domain of fractalkine to be 

i presented' on the surface of a cell to act 
upon another cell bearing the a propria te re- 

* ceptor. So far, we know that fractalkine can 
he induced markedly on primary cultured 
human endothelial cells, and that cell- 
bound fractalkine promotes the adhesion of 
monocytes and T cells in vitro. Cell-bound 
fractalkine can also be cleaved (via a synde- 
om-like cleavage motif proximal to the 

1 membrane) and released as a shed glyco- 
protein that has chemoattractant effects on 

\ monocytes and T cells. 

Overall, these data suggest the follow- 
ing model: (1) fractalkine is upregulated on 
the endothelium; (2) this induces adhesion 
of monocytes and T cells (perhaps by ef- 

t reeling the transition of selectin-rolling cells 
to firm adhesion via the integrins 4 ); and (3) 
the response might be downregulated by 

; cleavage of fractalkine from the cell. This 
mechanism would explain the long-held 
notion that chemokines are generally pre- 
sented by extracellular components of the 
endothelium 5 , lest they be washed away by 
hlood flow, or bound and cleared by a 

\. promiscuous chemokine receptor on the 



surface of erythrocytes. Fractalkine solves 
many mysteries of specificity and regula- 
tion of the presentation process with its in- 
trinsic structural features. 

Other functions are possible, even likely, 
for this new chemokine. Its broad pattern of 
mRNA expression may suggest roles be- 
yond directing the migration of mature 
leukcoytes at the endothelium. Its pre- 
sumed presence in organs not usually asso- 
ciated with leukocytic infiltration is com- 
pelling. The expression of fractalkine (and 
other chemokines) in multiple tissues, and 
at different times in development, suggests 
differential roles exploiting the fundamen- 
tal chemokine property of inducing cell mi- 
gration. During development, this property 
might be useful in morphogenesis; in the 
mature animal it could be exploited in 
leukocyte motility. Other roles could in- 
clude tissue integrity, repair and regenera- 
tion. In all of these situations, the impor- 
tance of both the cell-surface and shed 
forms of the molecule could be envisaged: 
the former regulating cell-cell interactions, 
the latter forming local chemoattractant 
gradients. Immunochemical and genetic 
experiments will soon open up these areas. 

The structure of fractalkine offers other 
intriguing questions. Does this molecule 
blur the traditional distinction between ad- 
hesion molecules (the selectins, integrins, 
etc.) and chemoattractants? That is, does 
the fractalkine structure directly mediate an 
adhesive interaction, rather than inducing 
downstream activation of other adhesion 
molecules? This possibility is tantalizing, 
given that many classical adhesion mol- 
ecules exploit mucin domains. Furthermore, 
there is a surprising degree of conservation 
in the transmembrane and intracellular do- 
mains of fractalkine between mice and hu- 
mans. There are no clearly recognizable sig- 
naling motifs in these regions, but this 
conservation may suggest other functions 
beyond tethering. Finally, will other CX 3 C 
chemokines be uncovered; for example, are 
there new fractalkines regulating the adhe- 
sion and migration of granulocytes? As in 
the case of lymphotactin (the only 'C 
chemokine identified to date, nearly four 
years after its initial description), obvious 
experiments have not yet yielded other 
chemokines-on-a-stick. 



Fractalkine represents a key part of the 
process of leukocyte trafficking, a complex 
system that determines the balance be- 
tween health and disease. By definition, 
complex systems are large, unstable and 
difficult to regulate. This is exactly the case 
with leukocyte trafficking. The process, re- 
quired in all higher vertebrates to maintain 
immune function, seems paradoxically rou- 
tine yet inherently chaotic. Its dysregula- 
tion is at the heart of many human miseries. 
So, just as geometric fractals record what 
happens at the boundaries between order 
and chaos, fractalkine may provide clues to 
a system where small changes can effect 
large, undesired consequences. It may rep- 
resent a critical juncture, a control point 
that can become dysfunctional (perhaps by 
inappropriate endothelial expression, or by 
a failure to cleave due to mutations in the 
fractalkine stalk or a defect in the cleaving 
enzyme), resulting in a normally self-re- 
solving inflammatory response degenerat- 
ing into a persistent inflammatory or 
autoimmune disease. Although these 
possibilities represent new layers of com- 
plexity, at the same time they offer new tar- 
gets for clinical intervention. Clearly, the 
presence of fractalkine reflects an evolu- 
tionary need - the sheer numbers of 
chemokines and their receptors tell us that 
feedback and iteration are the soul of this 
system. Its elucidation should do much to 
enhance understanding of the molecular 
events controlling cellular trafficking at the 
endothelium and beyond. 

Thomas Schall (schall@dnax.org) is at DNAX 
Research Institute, 901 California Ave, Palo Alto, 
CA 94304, USA. 
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